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DESIGNING AN AI COMPETENCY COURSE FOR  

PRE-SERVICE TEACHERS: AN ADDIE-BASED APPROACH 

 

Abstract. The article presents the experience of designing and developing the 
online course “Pedagogical Aspects of Using Artificial Intelligence in Secondary 
Education Institutions” for pre-service teachers at Bohdan Khmelnytsky Melitopol 
State Pedagogical University. The relevance of the study is determined by the rapid 
digital transformation of education, the active expansion of artificial intelligence 
technologies in teaching and learning processes, and the growing need to develop AI 
competency among future teachers in the context of increasing cybersecurity threats 
and the widespread implementation of online and blended learning. Particular attention 
is paid to the formation of competencies related to cyberethics, cybersafety, and 
cybersecurity (the C3 triad) as essential components of contemporary teacher education 
and responsible AI integration into educational practice. 

The course was designed in accordance with the ADDIE instructional design 
model, which includes the stages of Analysis, Design, Development, Implementation, 
and Evaluation. The article characterizes the content and key processes of each stage, 
including the analysis of educational needs and learner characteristics, the selection of 
an appropriate Learning Management System, the development of instructional and 
multimedia materials, the integration of specialized AI-powered mathematical tools, 
and the assessment of learning outcomes. The structure of the course, examples of 
learning activities for classroom and independent work, and approaches to organizing 
pedagogical interaction in the online environment are presented. 

Special emphasis is placed on the pedagogically appropriate and ethically 
grounded use of artificial intelligence in mathematics education, as well as on the role 
of specialized AI-oriented mathematical services in supporting mathematical 
reasoning, visualization, problem solving, and data analysis. The article also highlights 
the use of the Generative Artificial Intelligence Literacy Test (GLAT), adapted for 
Ukrainian pre-service teachers, as a diagnostic instrument for assessing AI literacy and 
awareness. The findings confirm the importance of the systematic integration of AI 
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competency into teacher education programs and demonstrate the potential of the 
developed course for preparing future mathematics teachers for professional activity in 
digitally transformed educational environments. 

Keywords: artificial intelligence, AI competency, pre-service teachers, ADDIE, 
digital transformation of education, cybersecurity, cyberethics, online course, LMS, 
GLAT. 
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ПРОЄКТУВАННЯ КУРСУ З ШІ-КОМПЕТЕНТНОСТІ ДЛЯ  

МАЙБУТНІХ УЧИТЕЛІВ: ПІДХІД НА ОСНОВІ МОДЕЛІ ADDIE 

 
Анотація. У статті представлено досвід проєктування та розроблення 

онлайн курсу «Педагогічні аспекти використання штучного інтелекту в закладах 
загальної середньої освіти» для майбутніх учителів у Мелітопольському 
державному педагогічному університеті імені Богдана Хмельницького.  

Актуальність дослідження зумовлена стрімкою цифровою трансформа-
цією освіти, активним поширенням технологій штучного інтелекту в освітньому 
процесі та зростаючою потребою у формуванні ШІ-компетентності майбутніх 
учителів в умовах посилення кіберзагроз і широкого впровадження онлайн та 
змішаного навчання. Особливу увагу приділено формуванню компетентностей, 
пов’язаних із кіберетикою, кібербезпекою та кіберзахистом (C3 triad), як 
важливих складових сучасної педагогічної освіти та відповідальної інтеграції ШІ 
в освітню практику. 

Проєктування курсу здійснювалося відповідно до моделі педагогічного 
дизайну ADDIE, яка охоплює етапи Analysis (аналіз), Design (проєктування), 
Development (розроблення), Implementation (упровадження) та Evaluation 
(оцінювання). У статті охарактеризовано зміст і ключові процеси кожного етапу, 
зокрема аналіз освітніх потреб і характеристик здобувачів освіти, добір 
відповідної системи управління навчанням, розроблення навчально-методичних 
і мультимедійних матеріалів, інтеграцію спеціалізованих ШІ-орієнтованих 
математичних інструментів та оцінювання результатів навчання. Представлено 
структуру курсу, приклади навчальних завдань для аудиторної та самостійної 
роботи, а також підходи до організації педагогічної взаємодії в онлайн-
середовищі. 
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Особливий акцент зроблено на педагогічно доцільному та етично 
виваженому використанні штучного інтелекту в математичній освіті, а також на 
ролі спеціалізованих ШІ-орієнтованих математичних сервісів у підтримці 
математичного міркування, візуалізації, розв’язування задач і аналізу даних. У 
статті також висвітлено використання тесту Generative Artificial Intelligence 
Literacy Test (GLAT), адаптованого для українських майбутніх учителів, як 
діагностичного інструменту оцінювання рівня ШІ-грамотності та обізнаності. 
Результати дослідження підтверджують важливість системної інтеграції ШІ-
компетентності в програми педагогічної освіти та демонструють потенціал 
розробленого курсу для підготовки майбутніх учителів математики до 
професійної діяльності в умовах цифрової трансформації освітнього середовища. 

Ключові слова: штучний інтелект, ШІ-компетентність, майбутні учителі, 
ADDIE, цифрова трансформація освіти, кібербезпека, кіберетика, онлайн-курс, 
LMS, GLAT. 

 
Problem statement. In the context of accelerating digital transformation and the 

pervasive integration of artificial intelligence (AI) into educational systems, the 
development of AI competency among pre-service mathematics teachers has emerged 
as a critical area of scholarly and practical importance. As AI-driven tools increasingly 
shape pedagogical practices, learning environments, and data-informed decision-
making, it is imperative to ensure that future educators possess not only technological 
proficiency but also a well-developed capacity for ethical reasoning, safe engagement, 
and secure application of these technologies. Mathematics education, grounded in 
formal logic, algorithmic thinking, and data analysis, provides a particularly robust 
foundation for the meaningful integration of AI. Furthermore, within the contemporary 
digital landscape, a characterized by heightened cybersecurity risks and the expansion 
of hybrid and online learning modalities, there is a pressing need to embed the 
principles of cyberethics, cybersecurity, and data protection into teacher education.  

Analysis of recent research and publications. Today, a considerable number of 
contemporary studies are devoted to preparing teachers for professional practice in the 
era of emerging digital technologies and artificial intelligence. Various countries are 
actively integrating artificial intelligence technologies into their educational systems, 
focusing on the development of relevant programs and digital tools. In particular, the 
U.S. Department of Education report “Artificial Intelligence and the Future of 
Teaching and Learning” [3] (2023) outlines the key directions of AI’s impact on the 
educational process, including increased adaptability of learning, optimization of 
teaching activities (particularly through the reduction of administrative workload), 
advancement of formative assessment, and support for research and development with 
an emphasis on the contextual sensitivity of technologies. 

This study “Preparing Pre-service Teachers for 21st Century Skills” evaluates a 
teacher education model in Syria (Damascus university) focused on promoting 21st-
century skills, finding it efficient for cognitive development but less so for 
communication skills [1]. 
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The article by Aleksieva (2025) “Preparing Pre-Service Teachers for the Digital 
Transformation of Education: Exploring University Teacher Educators’ Views and 
Practical Strategies” examines the current state of the digital transformation of 
education in Bulgaria within the framework of the SUMMIT project, with particular 
attention to the preparation of pre-service teachers and the practical strategies 
employed by university educators [2]. 

The qualitative study of Chinese scholars Kohnke & Green-Eneix (2025) 
explores how generative artificial intelligence can be integrated into teacher education 
by emphasizing AI literacy, critical reflection, and practical recommendations to equip 
both pre-service and in-service teachers for modern classrooms [9]. 

Nevertheless, drawing upon the existing body of research on the AI-readiness of 
pre-service teachers, we consider the issue of preparing teachers for the integration and 
pedagogically appropriate use of artificial intelligence in Ukraine to be of particular 
relevance and significance. 

Purpose of the article. The purpose of the article is to present the experience of 
designing and developing an online course for pre-service teachers at Bohdan 
Khmelnytsky Melitopol State Pedagogical University in accordance with the ADDIE 
instructional design model. The article aims to characterize the key stages of the course 
development process, as well as to substantiate the importance of forming AI-related, 
pedagogically effective, ethical, and safe practices in the professional training of future 
teachers. 

Presentation of the main material of the study. The scale of cyberattacks in 
2024 is unprecedented, with over 600 million incidents logged daily (Microsoft Digital 
Defense Report: The Foundations and New Frontiers of Cybersecurity) [11]. This shift 
has placed the education and research sector squarely in the crosshairs of nation-state 
actors, who now account for 21% of these attacks, highlighting the fragile security of 
our digital learning environments [11]. 

 

 
Fig. 1. Top targeted sectors worldwide (Microsoft Digital Defense Report: The 

Foundations and New Frontiers of Cybersecurity (2024)) [11]. 
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In Ukraine, the escalation of cyberattacks targeting critical infrastructure, 

including the education sector, has made the creation of a secure digital learning 

environment an urgent priority. The widespread transition to online and hybrid 

education [14], driven by war, displacement, and the relocation of universities, has 

significantly increased students’ exposure to cyber threats such as phishing, data 

breaches, and harmful content. In this context, educators are required to possess not 

only pedagogical and digital skills but also well-developed competencies in 

cybersecurity, cyberethics, and cybersafety. Accordingly, teacher education programs 

must prioritize the systematic development of these competencies, equipping future 

teachers with the knowledge and practical skills necessary to ensure safe, responsible, 

and resilient digital learning environments. 

Our research examines the development of AI competence among future 

teachers, emphasizing the C3 triad (cyberethics, cybersafety, and cybersecurity) (see 

Fig.2). The study provides critical insights into the digital adaptation of displaced 

institutions, exemplified by Bohdan Khmelnitsky Melitopol State Pedagogical 

University. Cyberethics concerns the moral decisions individuals make when using 

digital technologies, cybersafety involves practices aimed at minimizing online risks 

and harmful interactions, and cybersecurity encompasses technical measures designed 

to protect data, systems, and digital identities from unauthorized access and cyber 

threats [12]. 

 

 
Fig. 2. C3 triad framework (according to P. Pusey, W. A. Sadera [12]) 

 

The syllabus for the online elective course, “Pedagogical Aspects of Using 

Artificial Intelligence in Secondary Education Institutions”, is detailed in our study, 

“Preparing pre-service teachers for the digital era: Cyberethics, cybersafety, and 

cybersecurity skills as a core AI competency”. Designed for Mathematics Education 

students at Bohdan Khmelnitsky Melitopol State Pedagogical University, the course 

addresses the urgent need for AI competency at both Bachelor and Master levels [13]. 

The course was designed based on the ADDIE instructional design model [10], 

which provides a step-by-step approach to the development of educational products 

and includes five key stages (fig.3): analysis of educational needs (Analysis), design 

of the course structure and content (Design), development of instructional materials 

(Development), practical implementation (Implementation), and evaluation of 

effectiveness (Evaluation).  
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Fig. 3. The ADDIE process flowchart 

 

The key processes of each stage of the ADDIE-based online course design model 

are presented in fig. 4. 

 

 
Fig. 4. Phases of Educational Course Development Using the ADDIE Model 

 

At the Analysis stage of course design a comprehensive examination of the 

course resource support was conducted, including the assessment of technical, 

informational, methodological, and human resources required for the effective 

implementation of the educational process. Particular attention was paid to identifying 
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learner requirements and the characteristics of the target audience, including the 

analysis of students’ digital competence, their previous experience with digital 

technologies and artificial intelligence tools, educational needs, motivation, and 

specific features of their professional training.  

In addition, this stage involved the justification for the selection of a Learning 

Management System (LMS) based on its technical and functional capabilities, 

particularly its support for online and blended learning, integration of multimedia 

content, communication tools, assessment instruments, and monitoring of students’ 

learning activities. 

Despite the rapid evolution of the international research landscape, Ukrainian 

academic discourse currently lacks comprehensive studies on assessing AI competency 

and its various dimensions. Addressing this gap, we adopt the definition proposed by 

Chiu et al. (2024), who describe AI competency as a blend of technical understanding 

and social responsibility – specifically, the confidence to explain AI’s societal role and 

the skill to use it ethically and collaboratively [5]. 

The concept of “AI competency for educators” was officially established in 

Ukraine in 2024 through a collaborative study by the Ministry of Education and 

Science and the Ministry of Digital Transformation. Titled “Guidelines on Artificial 

Intelligence for General Secondary Education Institutions”, the report defines this 

competency as the synthesis of knowledge, skills, and attitudes required to navigate AI 

across various contexts – specifically focusing on its ethical pedagogical application 

and the ability to identify AI-driven tools [7]. 

The elective course developed by our research team, “Pedagogical Aspects of 

Using Artificial Intelligence in Secondary Education Institutions” is designed to 

facilitate the systematic development of AI competency among pre-service 

mathematics teachers.  

The course is oriented toward equipping future educators with both theoretical 

understanding and practical skills for the effective integration of artificial intelligence 

into teaching and learning processes.  

During the Design stage, the conceptual framework and internal structure of the 

course are developed in accordance with the identified educational needs and learning 

objectives. This stage involves the systematic design of the course architecture, 

including the development of the curriculum and preparation of the syllabus. Special 

emphasis is placed on the formulation of clearly defined learning outcomes that 

correspond to professional and academic competencies. Furthermore, appropriate 

teaching strategies, instructional methods, and assessment approaches are selected to 

ensure the alignment between learning activities and intended outcomes. As a result, 

the Design stage establishes a coherent pedagogical model that guides the development 

and implementation of the course. The syllabus of the elective course “Pedagogical 

Aspects of Using Artificial Intelligence in Secondary Education Institutions” is 

presented in our paper “Preparing pre-service teachers for the digital era: Cyberethics, 

cybersafety, and cybersecurity skills as a core AI competency” [13]. 
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The Development stage focuses on the creation, structuring, and integration of 

educational and methodological materials required for course delivery. Educational 

content is systematically organized into thematic modules and adapted to the chosen 

instructional format. At this stage, lecture materials, practical assignments, assessment 

tasks, and additional learning resources are prepared. Considerable attention is also 

devoted to the development of multimedia support, including presentations, interactive 

elements, and video materials that enhance learner engagement and accessibility of 

content.  

Finally, all educational resources are integrated into the Learning Management 

System, thereby ensuring centralized access to course materials and supporting 

effective organization of the learning process. 

In developing the course, we drew upon the guidance presented in “Integrating 

Generative AI for Deeper Math Learning” [6]. It provides a conceptual and practical 

framework for leveraging generative AI in mathematics education in ways that 

enhance, rather than replace, students’ cognitive engagement and productive struggle. 

It outlines key principles, use cases, and tool recommendations for teachers and 

students, emphasizing ethical, pedagogically grounded, and developmentally 

appropriate integration of AI into math instruction. Specialized AI-powered 

mathematical tools are defined by researchers as targeted applications that integrate 

artificial intelligence capabilities specifically for solving mathematical tasks [6]. 

Although these tools are based on large language models (LLMs), their development 

typically involves additional training and the integration of specialized computational 

modules, enabling them to perform accurate mathematical calculations rather than 

merely predict text sequences. For example, the Khanmigo platform uses an embedded 

calculator for solving mathematical problems instead of relying solely on LLM-

generated outputs. 

Examples and descriptions of specialized AI tools across various subject areas, 

including mathematics, are also presented in the Ukrainian Ministry of Education and 

Ministry of Digital Transformation project “Guidelines on Artificial Intelligence for 

General Secondary Education Institutions” [7]. 

In the comprehensive study of Ukrainian scholars “Review of Artificial 

Intelligence-Based Mathematics Learning Services in the Training of Pre-Service 

Teachers” [4] (Bielchev P. et al.) proposes an extensive classification of AI services 

for text generation, visualization, video creation, and mathematical computations that 

are essential for developing the digital competencies of future mathematics teachers. 

Drawing upon the findings and approaches presented in the aforementioned 

studies, we conducted a systematization of existing AI-oriented mathematical tools that 

can be effectively applied in mathematics education and in the professional training of 

future teachers.  

Examples of such specialized AI-powered mathematical tools are presented in 

the following diagram (see Fig.5). 
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Fig.5. Specialized AI-powered math tools (according to [6] and [4]) 

 

The Implementation stage is associated with the practical realization of the 

educational process within the course environment. At this stage, the instructor 

performs the role of a tutor and facilitator, organizing and managing learners’ 

educational activities. Learning sessions are conducted using the selected instructional 

methods and digital tools, while pedagogical interaction between the instructor and 

students is continuously maintained through communication, feedback, and academic 

support.  

Particular importance is attached to fostering student engagement, collaborative 

learning, and active participation in educational activities. Consequently, this stage 

ensures the effective functioning of the course in real educational practice. 

The Evaluation stage involves a comprehensive assessment of both the 

educational process and the learning outcomes achieved during the course 

implementation. This stage includes the application of a quality assurance system 

aimed at evaluating the effectiveness of teaching methods, learning materials, and 

assessment strategies. The analysis of students’ academic performance, participation, 

and feedback enables the identification of strengths and limitations of the course 

design. Based on the obtained results, modifications and improvements to the course 

content, structure, and instructional approaches are introduced. Therefore, the 

Evaluation stage serves as a mechanism for continuous improvement and further 

optimization of the educational course. 
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The final assessment utilizes the Generative Artificial Intelligence Literacy Test 

(GLAT), a validated instrument [8] that we translated and adapted for Ukrainian 

mathematics educators. This tool provides a reliable diagnostic of four core 

dimensions: conceptual understanding, functional application, creative evaluation, and 

ethical awareness. 

Conclusions. The findings of the study demonstrate that preparing pre-service 

mathematics teachers for professional activity in the context of the digital 

transformation of education requires the systematic development of AI competency, 

which integrates technological, pedagogical, ethical, and security-related dimensions 

of artificial intelligence use. Particular importance is attached to the development of 

competencies in cyberethics, cybersafety, and cybersecurity as essential components 

of contemporary teacher education. Key areas for further research involve the 

theoretical and empirical substantiation of pedagogical conditions for integrating the 

AI-TPACK model into the preparation of pre-service mathematics teachers, ensuring 

the balanced development of technological, pedagogical, and content knowledge in the 

context of artificial intelligence. Particular emphasis is placed on fostering their 

readiness to use AI technologies in a pedagogically grounded, ethically responsible, 

and secure manner, including the development of competencies within the C3 triad. 

Furthermore, future study will focus on the design and validation of methodological 

recommendations for implementing the AI-TPACK framework in mathematics teacher 

education, as well as on conducting a pedagogical experiment to evaluate the 

effectiveness of the developed elective course in enhancing pre-service teachers’ 

readiness to meaningfully integrate AI into mathematics teaching and learning. 
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